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Summary
Introduction
In accordance with your instructions, ERCE has evaluated the gas Prospective Resources
associated with the Napoleon Prospect located within the Northern Carnarvon Basin, Offshore
NW Australia. The lease evaluated comprises a two adjacent graticular blocks with an area of
161.2 km2.
Tamaska Oil and Gas Limited (Tamaska) owns a 20% interest in the Talisman Deeps Project,
comprising all the petroleum rights below 2,700m TVDSS. Tamaska’s interest in Talisman
Deeps was acquired through the acquisition of a 20% shareholding in Skye Napoleon Pty Ltd
(Skye Napoleon) which holds the rights to WA-8-L below 2,700m. Current titleholders in WA8-L comprise Skye Energy Pty Ltd (57.3684%) and Tamarind Amulet Pty Ltd (42.6316%).
Tamaska’s advises us that their 20% shareholding will be later converted to 20% working
interest in WA-8-L below 2,700m. A summary of the lease is presented in Table 1.1. We have
used information and data available up to 10th August 2021 for our estimates of Prospective
Resources.
Table 1.1: Permit Summary

Country

Permits

Discoveries

Tamaska
Working
Interest
(%)*

Australia

WA-8-L*

None

20

License
Start of
Current
Phase

End of
Current
Phase

Current Area
(km2)

08-11-10

08-11-31

161.2

*Working Interest assumes a conversion of Tamaska’s 20% shareholding of the Napoleon Deeps project (petroleum rights at
depths greater than 2700m) into a direct working interest

We have carried out this work using the June 2018 SPE/WPC/AAPG/SPEE Petroleum
Resources Management System (“PRMS”) as the standard for classification and reporting. A
summary of the PRMS is found in Appendix 1 of the attached report. Nomenclature that may
be used in this letter is summarised in Appendix 2.
This report is produced solely for the benefit of and on the instructions of Tamaska and Skye
Napoleon and their financial advisors and not for the benefit of any third party. Any third party
to whom Tamaska and Skye Napoleon and their financial advisors discloses or makes
available this report shall not be entitled to rely on it or any part of it.
ERCE has made every effort to ensure that the interpretations, conclusions, and
recommendations presented herein are accurate and reliable in accordance with good
industry practice. ERCE does not, however, guarantee the correctness of any such
interpretations and shall not be liable or responsible for any loss, costs, damages, or expenses
incurred or sustained by anyone resulting from any interpretation or recommendation made
by any of its officers, agents or employees. In the case that material is delivered in digital
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format, ERCE does not accept any responsibility for edits carried out after the product has left
the Company’s premises.

Methodology
We have carried out this review using data and information made available by Tamaska and
supplemented with publicly available data. These data comprise details of Tamaska’s licence
interests, 3D seismic data and associated interpretation, exploration and engineering data
(including well log and pressure data), technical reports, volumetric polygons and
spreadsheets, and proposed well locations.
We have carried out a review of seismic data, regional and analogue geological data,
petrophysical data, reservoir engineering data and prepared independent estimates of
hydrocarbons initially in place. Subsequently, we have derived independent estimates of
Prospective Resources for gas volumes for each layer of the Napoleon Prospect, with
associated Geological Chance of Success (COS).
In estimating petroleum in place and recoverable, we have used standard techniques of
petroleum engineering. These techniques combine geophysical and geological knowledge
with detailed information concerning porosity and permeability distributions, fluid
characteristics and reservoir pressure. There is uncertainty in the measurement and
interpretation of basic data. We have estimated the degree of this uncertainty to calculate the
range of petroleum initially in place and recoverable volumes.
In the case of the undiscovered resources (Prospective Resources) presented in this report,
there is no certainty that any resources will be discovered, and following any discovery there
is no certainty it will be commercially viable to produce any portion of the resources.
No site visit was undertaken in the generation of this report.
The nomenclature used in this report is presented in Appendix 2.
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Summary and Results
ERCE has assessed the Napoleon prospect which consists of multiple stacked target reservoir
intervals within the WA-8-L Permit at depths of greater than 2700m. ERCE’s Prospective
Resources and Geological Chance of Success (COS) estimates for each reservoir interval are
presented in Table 1.2 (Gross). Table 1.3 outlines the percentage of the Napoleon Prospect
which lies within the WA-8-L permit. Net Working Interest to Tamaska are summarised in
Table 1.4.

Table 1.2: Gross Unrisked Prospective Resources and COS, Napoleon Prospect

Unrisked Gross Prospective
Gas Resources (Bscf)

Unrisked Gross Prospective
Condensate Resources
(MMstb)

1U

2U

3U

Mean

1U

2U

3U

Mean

Napoleon 176S

23

103

456

201

0.7

3.9

19.6

8.5

19%

Napoleon 182S

22

100

443

196

0.7

3.7

19.2

8.4

20%

Napoleon 189S

20

96

435

190

0.6

3.6

18.6

8.1

26%

Napoleon 197T

149

730

3,484

1,528

5.1

28.2

151.4

66.1

24%

Prospect Interval

Chance of
Geological
Success

Table 1.3: Percentage of Napoleon GRV which lies with permit WA-8-L

On Block
Percentage

Prospect Interval
Low

Mid

High

Napoleon 176S

100%

74%

48%

Napoleon 182S

100%

74%

48%

Napoleon 189S

100%

74%

48%

Napoleon 197T

100%

73%

47%

Table 1.4: Net Working Interest to Tamaska Unrisked Prospective Resources and COS, Napoleon
Prospect

Prospect Interval

Unrisked Net WI Prospective Gas
Resources (Bscf)

Unrisked WI Net Prospective
Condensate Resources
(MMstb)

COS

1U

2U

3U

Mean

1U

2U

3U

Mean

Napoleon 176S

5

15

44

30

0.1

0.6

1.9

1.3

19%

Napoleon 182S

4

15

43

29

0.1

0.6

1.9

1.2

20%

Napoleon 189S

4

14

42

28

0.1

0.5

1.8

1.2

26%

Napoleon 197T

30

107

324

223

1.0

4.1

14.1

9.7

24%
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1.
2.

3.
4.

5.

Gross volumes include those outside of licence WA-8-L
Net Working Interest volumes have been limited to licence WA-8-L and assume a conversion of
Tamaska’s 20% shareholding of the Napoleon Deep project into a direct working interest and has been
applied deterministically based on GRV
Net Working interest = Gross prospective resources x On-block% x block interest%
ERCE has made estimates only for the most likely hydrocarbon phase expected in the success case. The
COS shown here exclude phase risk which ERCE has estimated to be 60% gas (40% oil) for the 176S,
182S and 189S intervals and 90% gas (10% oil) for the 197T interval.
The Prospective Resources have also not been adjusted for the chance of development (COD).
Quantifying the COD requires consideration of both economic contingencies and other contingencies,
such as legal, regulatory, market access, political, social license, internal and external approvals and
commitment to project finance and development timing.
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Professional Qualifications
ERCE is an independent consultancy specialising in geoscience evaluation and engineering
and economics assessment. Except for the provision of professional services on a fee basis,
ERCE does not have a commercial arrangement with any other person or company involved
in the interests which are the subject of this report.
ERCE has the relevant and appropriate qualifications, experience and technical knowledge to
appraise professionally and independently the assets.
The work has been supervised by Stewart Easton, Director of ERCE Australia, a postgraduate in Geology, a Fellow of the Geological Society and a member of the Society of
Petroleum Evaluation Engineers
Yours faithfully
ERCE

Stewart Easton
Director, ERCE Australia
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Introduction
Leases and Exploration History
The WA-8-L block is situated within the Dampier sub-basin, part of the broader Carnarvon
Basin situated on the Australia’s North-West Shelf (Figure 2.1). The shallow portion of WA-8L contains the Talisman and Amulet oil discoveries. Tamaska currently holds a 20%
shareholding in Skye Napoleon which owns 100% of all petroleum rights below 2,700m in
licence WA-8-L. Tamaska advises us that they have a right to convert the 20% shareholding
to a 20% direct participating interest when the joint venture for the project is formed and on
that basis, we have assumed a 20% Net Working Interest for Prospective Resources
estimates.

Figure 2.1: Location of the WA-8-L
(Source: Tamaska)

Seismic and Well Database
The block is fully covered by the Panaeus 3D seismic survey which has been incorporated
into a 2020 post stack merge of various open file 3Ds acquired in the area (including the 1992
East Dampier and 2007 Fortuna 3Ds). This was done to assist in regional interpretation and
correlations (Figure 2.2 – cyan outline). Between September 2020 and May 2021 400km2 of
the Panaeus 3D seismic was p-SDM reprocessed by DUG (Down Under Geophysical); Figure
2.2- blue outline). Seismic quality of the reprocessed data is generally reasonable with the
seismically interpretable events, albeit with some loss of signal in the proximity of faults.
The limited spatial coverage of the seismic data does not include wells that penetrate the
prospective reservoir interval of Napoleon within the bounds of the reprocessed survey.
Regional correlation is therefore reliant on the 2021 full stack 3D merge of local vintage 3Ds.
ERCE was given access to an extensive well database, with additional digital data provided
for 24 of the most relevant wells across the area. A number of the most important wells are
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many decades old, with only raw logs and digitized reports provided to ERCE (no interpreted
curves).

Figure 2.2: Top 197T Reservoir TWT (s) with 2020 post stack merge of local open file 3Ds (cyan) 2021 pSDM reprocessing of Panaeus 3D seismic (blue), block outline (black) and key well locations

Petroleum System and Play Concept
The Dampier Sub-Basin is an inboard rift system of the Northern Carnarvon Basin in the North
West Shelf, Australia. The sub-basin underwent a number of phases of continental rifting from
the Permian to Early Cretaceous. A lithostratigraphic column is provided in Figure 2.3. During
the Late Triassic (post deposition of the Mungaroo Formation) to Mid Jurassic period
(deposition of the Athol Formation) four main depositional sequences are observed, in
chronological order;
•

Late Triassic (Rhaetian) Brigadier Formation. Represents late transgression at
the top of the Triassic and is bounded by the 210T transgressive surface and
the 205S sequence boundary.

28 September 2021
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•

Early Jurassic (Hettangian to mid Sinemurian) North Rankin Formation
consists of deltaic to shallow marine facies. The bounding stratal surfaces are
the 205S sequence boundary at the base and the 197T transgressive surface
at the top.

•

Early Jurassic (Upper Sinemurian to Top Pliensbachian) Murat Siltstone. This
is an argillaceous unit and not the focus of this reservoir study, but provides a
sealing formation for the North Rankin reservoirs.

•

Early to Mid Jurassic (Toarcian to Aalenian) Athol Formation. This formation
marks the onset of early syn-rift development and the overall onset of
transgression. The Athol Formation is bounded by the 192S sequence
boundary and the 169S sequence boundary, although the limit of this study is
the 176S sequence boundary. The Athol Formation consists of lower delta plain
to upper slope facies.

Figure 2.3: Lithostratigraphic column with petroleum systems
(Source: Tamaska)
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Figure 2.4: Napoleon Play Concept with offset discoveries
(Source: Tamaska)

The prospective intervals within the Napoleon Prospect are within sandstones of Early to MidJurassic age, interpreted to be deposited in environments ranging from lower delta plain (LDP)
to distal delta front (DDF), with sandstone sub-environments ranging from distributary
channels (DC), shoreface, to shelf facies.
Based on offset discoveries and source rock modelling undertaken by Source Geoscience
High CGR gas is predicted to be present as the main hydrocarbon phase within the main
Napoleon prospect. Similar assumptions have been made for the overlying Athol sands,
although the chance of oil is increased, due to the shallower depth, lack of overpressure and
oil encountered within the overlying Talisman discovery. Source rocks are expected to be
present within the Lower Jurassic pro-delta (Murat Siltstone) or deeper fluvio-deltaics within
the North Rankin Fm.
Migration is predicted to be either self-sourced internal to Napoleon fault block or along a
longer pathway from elsewhere in basin, which would require migration up / round the main
prospect fault.
The trapping mechanism is a tilted fault block dip closed to north, fault sealed to east, west
and north. The primary target is expected to be sealed beneath Murat mudstones, with
overlying intervals sealed by marine and deltaic interbedded claystones and siltstones.
Play concept analogues within the area include the Gnu field which lies 90km SW of Napoleon
prospect at 3700m TVDSS, displaying sealing faults and overpressure (Figure 2.5). Stacked
pay is demonstrated here with the North Rankin and underlying Brigadier Formation. ERCE
considered employing a stacked pay concept at Napoleon, but underlying Triassic Brigadier
reservoirs were considered too deep to be prospective at Napoleon (5000m +). ERCE has
also benchmarked against the Gaea gas discovery, 90km WSW of Napoleon, at >3500m
depth in overpressured Brigadier sands.
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Figure 2.5: Gnu analogue seismic line
Source: Tamaska
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Technical Evaluation
The Napoleon prospect has one primary Target in the Early Jurassic North Rankin Formation,
(197T) with three overlying secondary targets in the Early-Middle Jurassic Athol Formation
(176S, 182S & 189S)
ERCE has undertaken the following methodology for the technical evaluation, each aspect
discussed in more detail throughout the rest of Section 3:
1. Reviewed the sequence stratigraphic and depositional framework provided to assess
the reservoir intervals of interest and their likely reservoir parameters
2. Reviewed existing horizon picks and performed independent seismic interpretation at
top and base of the main North Rankin reservoir (197T and 205S), the shallower Athol
Formation (189S) and overlying key velocity break surface (136T_PBT2 in the
Barremian).
3. Created seismic similarity and other attribute cubes to review and modify fault surfaces
and associated fault polygons
4. Depth converted time grids for each top reservoir using a layer-based V0-k method,
calibrated to key offset wells
5. Performed independent structural analysis, amplitude extractions and fault seal
analysis to establish a reasonable range of possible prospective GRV.
6. Established net thickness, porosity and hydrocarbon saturation ranges based on
analogue fields and well penetrations.
7. ERCE has assessed the data available from nearby wells and used standard industry
PVT correlations to establish GEF and CGR ranges.
8. Calculated recovery factors based on expected reservoir properties, trapping and
recovery mechanism.
9. Undertaken a risk analysis for each prospect.

28 September 2021

11

P5527 Napoleon Prospect Technical Report

Source and Migration
ERCE has reviewed the source rock modelling presented by Tamaska and third party
consultant Source GeoScience. Tamaska expects source rocks to principally comprise Lower
Jurassic pro-delta siltstones of the Murat Formation which overlie the reservoir of the North
Rankin Formation as well as Lower Jurassic fluvio-deltaics within the North Rankin Formation
itself. ERCE believe there is a risk of limited local source from within the Napoleon fault block,
and hydrocarbons will likely be required to migrate from deeper basin ward sources.

Figure 3.1: Source rock schematic between hydrocarbon-bearing Well Seraph 1ST and Napoleon Prospect

(Source: Tamaska)

Source rock modelling shows the Lower Jurassic section at Napoleon prospect to be within
the wet gas window at present day. In addition, main areas of source rock lie deeper in the
basin to the SW. Migration modelling (Figure 3.2) shows charge reaching the Napoleon
prospect even with faults closed, however inspection of the faults shows a lack of faults
interpreted immediately NW of the Napoleon prospect (red circle), which are required to seal
in order to trap hydrocarbons. Remodelling with a sealing fault in place would hinder
successful charge of the Napoleon prospect and is therefore risked accordingly in Section 3.7.
Closed faults are assumed to be caused by the 5.5Ma compression of Australia and SE Asia
collision. Prior to that, faults were not under compressional tension and hence are assumed
to be open.
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Figure 3.2: Migration Modelling at 197T_JS (top North Rankin Fm)

(Source: Source Geoscience)

Overlying secondary reservoir targets are predicted to be charged from a similar source to the
Lower Jurassic. However, the shallower depth gives a potential for oil charge, akin to the
overlying Talisman discovery. ERCE has given a chance of oil to the secondary reservoirs of
40%, which has not been factored into the risking calculation in Section 3.7

Sequence Stratigraphy
ERCE has reviewed the stratigraphy between the 197T and 205S surfaces and is in alignment
with the interpretation provided by Tamaska, identifying two depositional sequences (Figure
3.3) within the North Rankin Formation. The lowermost sequence is bounded below by the
205S sequence boundary and above by the 200S sequence boundary. The upper sequence
is bounded below by the 205S sequence boundary and above by the 197T transgressive
surface. The main reservoir targets of the North Rankin Formation of both sequences,
proximal to the Napoleon prospect, are the lowstand sand sections. These were deposited
directly above the 205S and 200S sequence boundaries respectively.
Sediment source direction was from the NE and dispersed towards the SW. The cross section
in Figure 3.3 is aligned NNW – SSE (perpendicular to the sediment transport direction) and
illustrates the broad distribution of the lowstand sands of the base sequence (205S-197T)
through wells De Grey-1, Cygnus-1 and Sable-1. At the Napoleon prospect the depositional
environment ranges from lower delta plain to proximal delta front (Figure 3.6). Outboard of the
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Napoleon prospect, the well Seraph-1ST indicates the lowstand deposits of the 205S-197T
sequence have thinned (Figure 3.5), with only thin sands penetrated. The highstand (HST), of
the lower sequence, is poorly developed at, with dominantly argillaceous sections present in
wells De Grey-1, Sable-1 (lateral wells to the Napoleon Prospect) and Seraph-1 ST1 (distal to
the Napoleon Prospect), but proximal delta front facies are a potential secondary target.
The upper sequence of the North Rankin Formation is bounded by the 200S and 197T
surfaces. The LST and HST sections are well developed above the 200 SB. Lowstand sand
sections of 40m+ are present in wells Cygnus-1 and De Grey-1. These lowstand deposits are
interpreted as lower delta plain facies to proximal delta front facies (LDP and PDF) and the
sections have a high N/G. The orientation of the lowstand system, directly above the 200S
sequence boundary, is similar that of the underlying LST (Figure 3.4 and Figure 3.6
respectively). Overall, the sediment source direction was from the east to
NE, with the sediment dispersed towards the SW (Figure 3.6). Sandstone deposition directly
above the 200S sequence boundary is also interpreted in well Seraph-1ST.
The overall increase in the sandstone deposits in the upper sequence of both the LST and
HST sections suggests the system has pushed further to the SW to SSW, relative to the
underlying sequence. The highstand deposits in the upper sequence are a key reservoir target
at the Napoleon prospect, with log motifs indicating the presence of channelling and
prograding sequences suggesting switching between the lower delta plain and proximal delta
front.
A’

Sable-1

Napoleon
Prospect

De Grey-1

A

Cygnus-1

197T

HST

200S

LST/TST
SB

205S

HST mfs
TST

LST

SB

A’

A
Figure 3.3: North to South cross section of the North Rankin Formation (205S – 197T)
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Mod – Low N/G

Distal
Delta
Front?

Proximal
Delta Front
Lower
Delta Plain

High N/G
Depositional Axis

Mod – Low N/G

Figure 3.4: Paleogeography of the lowstand sand system directly overlying the 205S sequence boundary.

Reservoirs

TS
HST
mfs

200S

Upper
Sequence

197T

TST
LST/TST

SB

mfs

TST
205S

Lower Sequence

HST

SB

Poorly developed LST above the
205S sequence boundary

Figure 3.5: Petrophysical Summary of the North Rankin Formation (205S – 197T) at well Seraph-1ST.
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Distal
Delta
Front?

Proximal
Delta Front
Lower
Delta Plain

High N/G
Depositional Axis

Figure 3.6: Paleogeographic of the lowstand system of the sequence between the 200S sequence
boundary and the 197T transgressive surface.

The prospectivity of the lower Athol Formation, between the 189S and 176S sequence
boundaries was also reviewed. The sequence stratigraphic framework provided by Tamaska
subdivided the lower Athol Formation into two main sequences (Figure 3.7), with the
lowermost sequence bounded by the 189S and 182S sequence boundaries and the upper
sequence bounded by the 182S and 176S sequence boundaries (Figure 3.7). These 3rd order
sequences, can also be subdivided into two higher order (4th order?) sequences (Figure 3.7),
interpreted as Sequences 1-4. The sediment source direction for these systems was from the
ENE and is dispersed to the WSW. The sedimentation patterns to the south of the Napoleon
Prospect were controlled by faulting, with a doubling of the stratigraphic thickness between
wells De Grey-1 and Sable-1 (Figure 3.8).
The cross section, along the depositional axis (Figure 3.7), indicates the presence of the
Sequence 1 lowstand and highstand sandstone facies at the Napoleon Prospect. The basal
lowstand sand (1) consists of channelised sandstone facies. The highstand sand (2) consists
of delta front progrades. The sandstone facies in Sequence 2 (directly below the 189S) do not
reach the Napoleon Prospect. It appears to entirely consist of transgressive systems tract
(TST) deposits, with the absence of both LST and HST facies.
Directly overlying the 182S sequence boundary is another lowstand sandstone (4), this unit
also appears to be channelised. A potential HST sandstone (5) is also expected to be
penetrated in the Napoleon Prospect, although based on the correlation the sandstone facies
are absent in the equivalent section in Sable-1. A higher order sequence boundary is
interpreted in wells Picard-1 and Ronsard-1. Lowstand sandstone deposition, associated with
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this sequence boundary development are also a potential reservoir target (6). A poorly
developed HST sandstone (7), consisting of delta front facies forms the uppermost unit.
The lowstand of Sequence 1 (1) consists of channel facies. Good quality sand is interpreted
at the Napoleon Prospect, with net sand ranges in the order of 5 – 20m. Sequence 1 highstand
(2) consists of shoreface or delta front facies. The reservoir thickness is in the order of 5 –
15m net sand. The lowstand section of Sequence 3 consists of channel facies, with a potential
reservoir thickness of 5 – 10m.
Reservoirs 5, 6 and 7 (Sequence 3 HST, Sequence 4 LST and HST) are either absent in the
well Sable-1 or are at risk of having no top seal or being already penetrated by overlying
Talisman wells ERCE has therefore volumetrically assessed reservoirs 1, 2 and 4 (Figure 3.7).
The Brigadier Formation is also a potential reservoir target at the Napoleon Prospect location
but occurs below the North Rankin Formation. With the potential of a 200m shale section
between the North Cape Formation and the underlying Brigadier Formation reservoirs, this
reservoir was deemed too deep and was not evaluated. A north to south cross section is
provided to illustrate the sand distribution proximal to the Napoleon Prospect (Figure 3.10).

176S SB

Ronsard-1

Napoleon
Prospect

Picard-1
HST
mfs

Seq 4

6

Lowstand channels
LST?

5

SB?
mfs

182S SB
LST

SB
fs

Delta Front Progrades

2

Seq 2

4
3

TS/SB

HST

189S SB

1
mfs

Sequence 1

Tamaska
Tamaska Sequence 1 Sequence 2

7

Seq 3

Sable-1

LST
SB

Figure 3.7: ENE to WSW cross section through the lower Athol Formation (189S – 189S). ERCE has
subdivided the two Tamaska sequences into four sequences. Each of the key reservoir zones is labelled
from 1 – 7.
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Figure 3.8: North to South cross section through the lower Athol Formation (189S – 176S).

Outer Shelf / Upper Slope
Outer shelf / Distal Delta Front
Proximal Delta Front

Figure 3.9: Paleogeography of the Lower Athol Formation. Depositional facies across the Napoleon
Structure ranges between Outer Shelf (OS) to Distal Delta Front (DDF).

(Source: Tamaska)

28 September 2021

18

P5527 Napoleon Prospect Technical Report

Napoleon P

Potential
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15

Figure 3.10: North to South cross section at the Brigadier Formation level.

Seismic Interpretation
ERCE has reviewed, modified and extended Tamaska’s interpretation on PSDM TWT seismic,
mainly utilising the fullstack volume which has the highest fold and signal-to-noise ratio.
Modifications included adjustment of the crestal area at North Rankine level (197T) where
ERCE interpret a fault splay (in the region of Tamaska’s interpreted “gas cloud”), and minor
adjustments to the location of the main sealing fault to the NW. ERCE created various seismic
attributes to QC and refine the faults and fault polygons interpretations provided. Attribute
extractions give confidence in fault throw to the NE, SE and SW with discontinuities visible on
seismic (Figure 3.12)
The North Rankin Fm local spillpoint identified at the 197T level (which defines ERCE’s low
case as described in Section 3.5.1) appears robust. ERCE’s high case extends further to the
SE, relying on fault at the juxtaposition of the two major faults. In general, reflector truncation
is observed at the edge of the fault block at key mapped horizons, giving confidence in the
required fault bounded trapping mechanism.
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Figure 3.11: Key strike and dip lines through Napoleon prospect

More regionally, the lower quality PSTM vintage seismic, coupled with jump correlation across
faults makes regional correlation to offset wells challenging. This represents a risk of the target
reservoir being shallower / deeper than prognosed or, if a vertical well is drilled, faulted out
altogether. The regional 197T event is picked on brightest reflector across the Napoleon
prospect but is represented by relatively low amplitudes at De-Grey-1 and Cygnus-1, this may
possibly be due to demarcation of overpressure or change in rock physics of sands at depth
due to compaction, a mispick, or a change in lithology. The brighter amplitude event beneath
De-Grey-1 and Cygnus-1 is thought to be the Cossigny Limestone unit, which is expected to
be much deeper below the target interval at Napoleon, as offset was present on the main

28 September 2021

20

P5527 Napoleon Prospect Technical Report
basin bounding fault at the time of Lower Triassic deposition. Correlation to other key offset
wells such as Sable-1 and Seraph-1ST are equally challenging.
Seismic interpretation reveals the potential for observed pock marks and possible gas cloud
on seismic, however the seismic quality is insufficient to draw firm conclusions on these
features, with signal potential obscured due to local velocity contrasts in the overburden and/or
imaging issues due to faulting.

Figure 3.12: ERCE similarity extraction at 197T Top Reservoir, without (left) and with (right) fault
polygons

ERCE examined the key fault for potential leak points, either due to low offset or the possible
juxtaposition of permeable carrier beds. Although poor signal makes correlation across fault
splay zone problematic, ERCE has identified, on a relatively undisturbed seismic line, a
potential leak point at 2850ms (approx. 4800m TVDSS) into Athol Formation carrier beds on
the other side of the fault which bounds the NW of Napoleon (Figure 3.13), which depth
coincides with the high case GRV as described in Section 3.5.1.
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Figure 3.13: Potential spill point across fault into adjacent carrier beds shown in seismic (left), similarity
(middle) and ERCE high case column height map right

Given the depth of the Napoleon prospect, and the response at offset wells, Tamaska highlight
the potential seismic indications of gas through “dim spots” where gas presence decreases
the acoustic impedance of the sands, resulting in less of a contrast with the overlying softer
shales.
The depth of the Napoleon prospect, estimated to be between 4300 – 4800m TVDSS at North
Rankin Fm level, coupled with areas of poor signal make reliable lithological or fluid predictions
problematic. However, an amplitude extraction at top reservoir (Figure 3.14) does show
dimming across the crestal portion of the Napoleon structure approximately coincident with
the 3800m contour of ERCE’s depth surface, providing an additional soft constraint for the
selection of a high case GRV as described in Section 3.5.1
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Figure 3.14: PSDM amplitude extraction with ERCE depth contour at 4800m TVDSS
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Figure 3.15: Seismic interpretation (time) through offset wells Cygnus and De Grey, original PSTM seismic data
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Depth Conversion
Although an existing PSDM depth volume existed, ERCE picked seismic horizons in TWT and
depth converted using a two-layer compaction function, with break at 136T PBT2 horizon
based on deepest local well (Talisman-1). Deeper velocities calibrated using Seraph-1ST well
as offset and resultant depth surface compared against PSDM. Absolute depth values from
the PSDM at Napoleon-1 proposed location appear reasonable, with slightly deeper structure
on flanks due to the compaction velocity model employed. ERCE used independently depth
converted surfaces for volumetrics, given the lack of deep signal causing uncertainty in PSDM
derived tomographic velocity models.

Figure 3.16: The value of compaction factor, k, is estimated to be at 0.2 based on velocity-depth relations
from sonic logs

A top reservoir depth grid was produced from ERCE’s depth conversion for shallower (Athol
Fm) and deeper (205S) horizons, using the same function as described above. A comparison
of ERCE PSDM-T interpretation and resultant depth conversion is shown in Figure 3.17,
showing a broadly similar structure between time and depth with local spill point in the same
place.
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Figure 3.17: ERCE TWT interpretation (left) and depth converted surface (right), 197T

Reservoir Properties
3.5.1. GRV and column height
For the estimation of primary target GRVs, ERCE used the mapped isopach between top
(197T) and base (205S) reservoir surfaces as gross reservoir thickness. A low case was
defined at the local spill point to SW and potential fault splay / gas cloud area to NE at 4480m
TVDSS. ERCE’s high case was selected at potential leak point across the main fault, adjacent
to the NW, as shown in Figure 3.13, at 4800m TVDSS . This depth contour is also aligned to
the change in amplitudes shown in Figure 3.14. Resultant column heights vary from 230m to
550m which benchmark well against regional analogues such as Gaea-1 (231m) and North
Rankin (approx. 520m). Maps showing low and high case reservoir thicknesses above contact
are shown in Figure 3.18.
GRV for the shallower Athol layers (176S, 182S, 189S) was based on the same methodology,
with a local spill point in the low case and the same spatial downdip extents in the high case.
A 40m reservoir thickness was applied at each of the three prospective intervals.
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Figure 3.18: ERCE Low Case (left) and High Case (right) gross reservoir thickness above contact maps

3.5.2. NTG
ERCE has established an NTG range based on an analysis of offset wells, and considering
the depositional environments discussed in sections 2.3 & 3.2, combined with the mapped
gross thickness of the interval (approximately 300m). A wide range of 30%-50%-70% has
been adopted for both primary and secondary reservoirs.
3.5.3. Porosity
ERCE reviewed the offset wells and associated porosity depth trends provided by Tamaska.
Overpressure, as observed in offset wells such as Seraph-ST1, is required to preserve
porosity. The depth of the 197T reservoir is almost 4.5km. ERCE has therefore assumed and
risked an overpressured model, allowing for a porosity range of 6-16% with the low case
aligned with the expected permeability cutoff for gas of approximately 0.1mD.
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Figure 3.19: Offset well porosity depth chart with average prospect depths

(Source: Tamaska)

3.5.4. Hydrocarbon Saturation
There are limited data available on hydrocarbon saturation for rocks at this depth. Based on
the available data, ERCE has used a range of 0.50 – 0.60 – 0.70 in the volumetric calculations.
3.5.5. Fluid Properties
ERCE has utilised the temperature gradient observed in available data from wells drilled in
Barrow and Dampier sub basin summarised in Table 3.1.
Table 3.1: Temperature Gradients of Wells Drilled in Barrow and Dampier Sub Basin

28 September 2021

Sub Basin

Well

Carnarvon (Barrow)

Long Island 1
Onslow 1
North Tryal Rocks 1
West Tryal Rocks 1
Tryal Rocks 1
Flag 1
Barrow 25
Barrow Deep 1
Pasco 1&3
Pepper 1

Temperature
Gradient
(deg C/100
m)
3.75
3.63
2.81
3.17
3.44
3.17
3.52
3.46
3.35
3.66
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Sub Basin

Carnarvon (Dampier)

Well
Flinders Shoal 1
Money Shoal-1
Malus 1
Lowendal 1
Rankin 1
Dockrell 1
Goodwyn 1
Goodwyn 2
Goodwyn 3
Goodwyn 4
North Rankin 1
North Rankin 2
North Rankin 3
North Rankin 4
Eaglehawk 1
Egret 1
Lambert 1
Dampier 1
Madeline 1
Angel 1
Angel 2
Angel 3
Rosemary 1
Legendre 1
Nelson Rocks 1
De Grey 1
Hampton 1
Hauy 1

Temperature
Gradient
(deg C/100
m)
3.30
3.12
2.28
2.66
2.66
2.46
2.68
2.52
2.66
2.62
2.70
2.50
2.22
2.33
2.33
2.52
2.48
2.97
2.97
2.75
2.77
2.73
2.88
2.59
2.44
2.99
2.68
2.97

Based on the distribution of temperature gradient, ERCE determined the Low, Best and High
ranges of the temperature gradient. The reservoir temperatures are then calculated
considering the temperature gradient ranges and sensitising the reservoir average depths by
+/- 10% from the base prognosed depths.
Reservoir pressure has been calculated and determined based on the available pressure data
from other wells within similar areas and depths. Figure 3.20 summarises the formation
pressure data that has been used as a basis for the pressure ranges calculations in Napoleon.
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Figure 3.20: Pressure Data for Key Wells in Northern Carnarvon Basin
(Source: Tamaska)

ERCE analysed the pressure depth trends in the basin and concluded that prospects below
4200 metre are subjected to overpressure which had been observed across all the different
wells within the basin. In the Napoleon fault block, the overpressure regime in the reservoir is
interpreted to pertain only to the Napoleon 197T prospect while ERCE assumes a normal
pressure regime in the shallower prospects (176S, 182S and 189S).
ERCE ranges of the average reservoir depth, reservoir temperature and reservoir pressure
for each prospect which had been utilised as the basis to calculate the Gas Expansion Factors
(GEF) are summarised in Table 3.2 below.
Table 3.2: Ranges of Input Data for GEF Calculations

Average Depth (m
TVDSS)

Prospect

Temperature (deg F)

Pressure (psia)

Low

Best

High

Low

Best

High

Low

Best

High

Napoleon 176S

3,375

3,750

4,125

142

185

262

5,214

5,399

5,583

Napoleon 182S

3,420

3,800

4,180

144

188

266

5,236

5,423

5,611

Napoleon 189S

3,465

3,850

4,235

146

190

269

5,259

5,448

5,638

Napoleon 197T

4,005

4,450

4,895

168

220

311

7,385

7,850

8,315

ERCE calculated GEF based on the Equation of State (EOS) shown below.
𝐺𝐸𝐹 =

1
((14.7 × 𝑍 𝐹𝑎𝑐𝑡𝑜𝑟 × (𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 + 460))
⁄((60 + 460) × 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒)
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Z factor had been calculated by using Standing & Katz gas PVT correlations. The units for
temperature and pressure in the equation above are in degree Fahrenheit and psia
respectively. Based on the equation, GEF unit is SCF/RCF.
The ranges of GEF for the Napoleon prospects are shown in Table 3.3 below.
Table 3.3: GEF Ranges for Napoleon Reservoirs

GEF (SCF/RCF)
Prospect
Napoleon 176S
Napoleon 182S
Napoleon 189S
Napoleon 197T

Low

Best

High

256

282

308

256

282

308

256

282

308

280

315

350

Most of the gas assets within the sub basin are wet gas and ERCE has utilised general analogs
from offset wells and geochemistry studies performed by Tamaska to determine the ranges of
initial condensate gas ratio (CGR) in Napoleon. Low and Best case CGR had been determined
by using data from Gaea-1 and Angel Field & Forestier-1A respectively while the high case
CGR was taken from the geochemistry studies. Ranges of initial CGR is shown in Table 3.4.
Table 3.4: ERCE Initial CGR Ranges

CGR (stb/MMscf)
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Low

Best

High

35

59

100
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Recovery Factor
ERCE has determined the range of the raw gas recovery factors in accordance with the
general trend of recovery factors observed and expected across the sub basin. In addition,
ERCE also considered the reservoir properties of these prospects are relatively poorer as
compared to other gas fields within the sub basin and has built the assumptions into the ranges
of the raw gas recovery factors defined. ERCE raw gas recovery factor ranges are shown in
Table 3.5.
Table 3.5: ERCE Raw Gas Recovery Factor

Prospect
Napoleon 176S
Napoleon 182S
Napoleon 189S
Napoleon 197T

Raw Gas Recovery
Factor (%)
Low

Best

High

50

69

85

50

69

85

50

69

85

55

72

85

A higher range of recovery factors had been assumed for Napoleon 197T relative to the
shallower prospects. Napoleon 197T is expected to be overpressured and the high pressures
are favourable for a volumetric depletion type of reservoirs as there will be a large envelope
for the reservoir to continuously produce the gas until it reaches the abandonment pressures.
ERCE determined the condensate recovery factor by considering substantial potential liquid
dropouts that will be left behind in the reservoir due to the poor nature of the reservoir
properties. It will be challenging for liquid to flow in a low permeability low porosity type of
reservoirs. The range of condensate recovery factors are shown in Table 3.6.

Table 3.6: ERCE Condensate Recovery Factor

Prospect
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Raw Gas Recovery
Factor (%)
Low

Best

High

Napoleon 176S

25

45

65

Napoleon 182S

25

45

65

Napoleon 189S

25

45

65

Napoleon 197T

30

48

65
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Chance of Success
ERCE consider the play seal and source to be proven for Napoleon-style plays, given offset
well results, with only a risk on reservoir presence due to lack of nearby well control and
seismic interpretation uncertainty.
The risking matrix and geological chance of success for each reservoir is shown in Table 3.7.
Table 3.7: Risking matrix and geological chance for success for Napoleon reservoirs
Geological Risk Matrix
Play

Prospect

Napoleon
176S
Napoleon
182S
Napoleon
189S
Napoleon
197T

Prospect

Reservoir
Presence

Seal

Source

Risk

90%

100%

100%

80%

100%

90%
80%

COS

Migration

Reservoir
Efficacy

Trap

Risk

90%

60%

70%

50%

21%

19%

100%

80%

60%

70%

60%

25%

20%

100%

100%

90%

60%

70%

70%

29%

26%

100%

100%

80%

60%

70%

70%

29%

24%

ERCE considers reservoir presence is likely (sand content) based on depositional
environment mapping, however overpressure would assist porosity preservation in 197T, and
depth of normally pressured shallower intervals may also have reduced porosity and hence
permeability. ERCE has therefore placed a 70% likelihood of finding effective reservoir for
each of the prospective layers.
Although trap is well mapped, the possible gas cloud, uncertainty on fault seal, and juxtaposed
sediments put trap likelihood into question. Containment for the shallowest interval (176S) is
of particular concern, where lithology is more sand-prone as exhibited towards the TD of
overlying well Talisman-1, ERCE has therefore allocated a 50% trap risk for this interval.
Fault bounded overpressured compartment may lack sufficient source / migration pathways
to charge Napoleon and faults are required to seal for trap to be successful, ERCE therefore
see a migration risk of 60% for all layers.
ERCE also assign a 90% chance of gas the deeper 197T reservoir, however shallow targets
above the overpressure window may be oil charged, ERCE has assumed a 60% chance of
gas for these prospects. The chance of gas is not incorporated into the Geological chance of
success (CoS). ERCE has calculated Prospective Resources for the most likely phase only.

Estimation of GIIP and Prospective Resources
The input parameters by reservoir that are used in the estimate of GIIP and Prospective
Resources for each prospect are presented in Table 3.8. The low and the high numbers are
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used as a P90 and P10 input into the probabilistic volumetrics. The probabilistic volumetrics
are calculated using the Monte Carlo method, and the resulting gas initially in place volumes
are presented in Table 3.9. Part of the Napoleon prospect lies outside of Permit WA-8-L. The
percentage of the GIIP and Resources estimates which lie within the permit are provided in
Table 3.10 and were applied to the GRV during Monte Carlo simulation (full dependence) to
establish on-block volumes.
The gross and net to Tamaska Prospective Resources are reported in Table 1.2 and Table
1.4 respectively along with the Geological Chance of Success.
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Table 3.8: Input parameters, Napoleon Prospect

Napoleon
Prospect
Interval

GRV (MMm3)

NTG

Porosity

Sh

GEF

CGR
(stb / MMscf)

RF

Condensate RF

Low

Mid

High

Low

Mid

High

Low

Mid

High

Low

Mid

High

Low

Mid

High

Low

Mid

High

Low

Mid

High

Low

Mid

High

176S

137

517

1946

0.30

0.50

0.70

0.07

0.11

0.16

0.50

0.60

0.70

256

282

308

0.50

0.69

0.85

35

59

100

0.25

0.45

0.65

182S

137

517

1946

0.30

0.50

0.70

0.07

0.10

0.16

0.50

0.60

0.70

256

282

308

0.50

0.69

0.85

35

59

100

0.25

0.45

0.65

189S

137

517

1946

0.30

0.50

0.70

0.06

0.10

0.16

0.50

0.60

0.70

256

282

308

0.50

0.69

0.85

35

59

100

0.25

0.45

0.65

197T

855

3431

13775

0.30

0.50

0.70

0.06

0.10

0.16

0.50

0.60

0.70

280

315

350

0.55

0.72

0.85

35

59

100

0.30

0.48

0.65

Table 3.9: Probabilistic GIIP, Napoleon Prospect

GIIP (Bscf)
Prospect Interval

1.

Low

Mid

High

Mean

Napoleon 176S

35

155

666

294

Napoleon 182S

33

149

648

288

Napoleon 189S

31

143

633

278

Napoleon 197T

218

1,047

4,928

2,165

Gross volumes include those outside of licence WA-8-L
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Table 3.10: Percentage of Napoleon GRV which lies with permit WA-8-L

On Block
Percentage

Prospect Interval

28 September 2021

Low

Mid

High

Napoleon 176S

100%

74%

48%

Napoleon 182S

100%

74%

48%

Napoleon 189S

100%

74%

48%

Napoleon 197T

100%

73%

47%
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Appendix 1: SPE PRMS Guidelines
This report references the SPE/WPC/AAPG/SPEE/SEG/SPWLA/EAGE Petroleum Reserves
and Resources Classification System and Definitions, Version 1.01, as revised in June 2018
and updated in November 2018 (PRMS).
The full text of the PRMS document can be viewed at:
https://secure.spee.org/resources/reserves-definitions-committee-rdc
PRMS classifies resources into discovered and undiscovered, and defines the recoverable
resources classes of; Production, Reserves, Contingent Resources, and Prospective
Resources, as well as Unrecoverable Petroleum.
A graphical representation of the PRMS resources classification framework can be seen below
in Figure A. The horizontal axis reflects the range of uncertainty of estimated quantities
potentially recoverable from an accumulation by a project, while the vertical axis represents
the chance of commerciality, which is the chance that a project will be committed for
development and reach commercial producing status.

Figure A: PRMS Resources classification framework
(Source: PRMS, Version 1.01; page 1, Figure 1.1)
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As illustrated below in Figure B, development projects and associated recoverable quantities
may be sub-classified according to project maturity levels and the associated actions (i.e.,
business decisions) required to move a project toward commercial production.

Figure B: PRMS Resources sub-classes
(Source: PRMS, Version 1.01; page 8, Figure 2.1)

A summary of key definitions of the PRMS Reserves and Resource categories, classes and
sub-classes can be found in Tables 1-3 and a glossary of selected PRMS terms can be found
in Table 4, below:
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Table 1: PRMS Recoverable Resources Classes and Sub-Classes
Classes/Subclasses

Definition

Guidelines

Reserves

Reserves are those
quantities of petroleum
anticipated to be
commercially recoverable
by application of
development projects to
known accumulations from
a given date forward
under defined conditions.

Reserves must satisfy four criteria:
discovered, recoverable, commercial, and
remaining based on the development
project(s) applied. Reserves are further
categorized in accordance with the level of
certainty associated with the estimates
and may be sub-classified based on
project maturity and/or characterized by
the development and production status.
To be included in the Reserves class, a
project must be sufficiently defined to
establish its commercial viability (see
PRMS Section 2.1.2, Determination of
Commerciality). This includes the
requirement that there is evidence of firm
intention to proceed with development
within a reasonable time-frame.
A reasonable time-frame for the initiation
of development depends on the specific
circumstances and varies according to
the scope of the project. While five years
is recommended as a benchmark, a
longer time-frame could be applied
where, for example, development of an
economic project is deferred at the
option of the producer for, among other
things, market- related reasons or to
meet contractual or strategic objectives.
In all cases, the justification for
classification as Reserves should be
clearly documented.
To be included in the Reserves class,
there must be a high confidence in the
commercial maturity and economic
producibility of the reservoir as
supported by actual production or
formation tests. In certain cases,
Reserves may be assigned on the basis
of well logs and/or core analysis that
indicate that the subject reservoir is
hydrocarbon-bearing and is analogous
to reservoirs in the same area that are
producing or have demonstrated the
ability to produce on formation tests.

On Production

The development project is
currently producing or
capable of producing and
selling petroleum to
market.

The key criterion is that the project is
receiving income from sales, rather than
that the approved development project is
necessarily complete. Includes
Developed Producing Reserves.
The project decision gate is the decision
to initiate or continue economic
production from the project.
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Classes/Subclasses

Definition

Guidelines

Approved for
Development

All necessary approvals
have been obtained,
capital funds have been
committed, and
implementation of the
development project is
ready to begin or is under
way.

At this point, it must be certain that the
development project is going ahead. The
project must not be subject to any
contingencies, such as outstanding
regulatory approvals or sales contracts.
Forecast capital expenditures should be
included in the reporting entity’s current or
following year’s approved budget.

Implementation of the
development project is
justified on the basis of
reasonable forecast
commercial conditions at
the time of reporting, and
there are reasonable
expectations that all
necessary
approvals/contracts will be
obtained.

The project decision gate is the
decision to start investing capital in the
construction of production facilities
and/or drilling development wells.
To move to this level of project maturity,
and hence have Reserves associated with
it, the development project must be
commercially viable at the time of reporting
(see PRMS Section 2.1.2, Determination
of Commerciality) and the specific
circumstances of the project. All
participating entities have agreed and
there is evidence of a committed project
(firm intention to proceed with
development within a reasonable timeframe}) There must be no known
contingencies that could preclude the
development from proceeding (see
Reserves class).

Justified for
Development

The project decision gate is the decision
by the reporting entity and its partners, if
any, that the project has reached a level of
technical and commercial maturity
sufficient to justify proceeding with
development at that point in time.
Contingent
Resources

28 September 2021

Those quantities of
petroleum estimated, as of
a given date, to be
potentially recoverable
from known
accumulations by
application of
development projects, but
which are not currently
considered to be
commercially recoverable
owing to one or more
contingencies.

Contingent Resources may include, for
example, projects for which there are
currently no viable markets, where
commercial recovery is dependent on
technology under development, where
evaluation of the accumulation is
insufficient to clearly assess
commerciality, where the development
plan is not yet approved, or where
regulatory or social acceptance issues
may exist.
Contingent Resources are further
categorized in accordance with the level of
certainty associated with the estimates
and may be sub- classified based on
project maturity and/or characterized by
the economic status.
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Classes/Subclasses

Definition

Guidelines

Development
Pending

A discovered
accumulation where
project activities are
ongoing to justify
commercial development
in the foreseeable future.

The project is seen to have reasonable
potential for eventual commercial
development, to the extent that further
data acquisition (e.g., drilling, seismic
data) and/or evaluations are currently
ongoing with a view to confirming that the
project is commercially viable and
providing the basis for selection of an
appropriate development plan. The critical
contingencies have been identified and
are reasonably expected to be resolved
within a reasonable time-frame. Note that
disappointing appraisal/evaluation results
could lead to a reclassification of the
project to On Hold or Not Viable status.
The project decision gate is the decision to
undertake further data acquisition and/or
studies designed to move the project to a
level of technical and commercial maturity
at which a decision can be made to
proceed with development and production.

Development
on Hold

A discovered
accumulation where
project activities are on
hold and/or where
justification as a
commercial development
may be subject to
significant delay.

The project is seen to have potential for
commercial development. Development
may be subject to a significant time delay.
Note that a change in circumstances, such
that there is no longer a probable chance
that a critical contingency can be removed
in the foreseeable future, could lead to a
reclassification of the project to Not Viable
status.
The project decision gate is the decision to
either proceed with additional evaluation
designed to clarify the potential for
eventual commercial development or to
temporarily suspend or delay further
activities pending resolution of external
contingencies.

Development
Unclarified

28 September 2021

A discovered
accumulation where
project activities are under
evaluation and where
justification as a
commercial development
is unknown based on
available information.

The project is seen to have potential for
eventual commercial development, but
further appraisal/evaluation activities are
ongoing to clarify the potential for eventual
commercial development.
This sub-class requires active appraisal or
evaluation and should not be maintained
without a plan for future evaluation. The
sub-class should reflect the actions
required to move a project toward
commercial maturity and economic
production.
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Classes/Subclasses

Definition

Guidelines

Development
Not Viable

A discovered
accumulation for which
there are no current plans
to develop or to acquire
additional data at the time
because of limited
production potential.

The project is not seen to have potential
for eventual commercial development at
the time of reporting, but the theoretically
recoverable quantities are recorded so
that the potential opportunity will be
recognized in the event of a major change
in technology or commercial conditions.
The project decision gate is the decision
not to undertake further data acquisition or
studies on the project for the foreseeable
future.

Prospective
Resources

Those quantities of
petroleum that are
estimated, as of a given
date, to be potentially
recoverable from
undiscovered
accumulations.

Potential accumulations are evaluated
according to the chance of geologic
discovery and, assuming a discovery, the
estimated quantities that would be
recoverable under defined development
projects. It is recognized that the
development programs will be of
significantly less detail and depend more
heavily on analog developments in the
earlier phases of exploration.

Prospect

A project associated with
a potential accumulation
that is sufficiently well
defined to represent a
viable drilling target.

Project activities are focused on assessing
the chance of geologic discovery and,
assuming discovery, the range of potential
recoverable quantities under a commercial
development program.

Lead

A project associated with
a potential accumulation
that is currently poorly
defined and requires more
data acquisition and/or
evaluation to be classified
as a Prospect.

Project activities are focused on acquiring
additional data and/or undertaking further
evaluation designed to confirm whether or
not the Lead can be matured into a
Prospect. Such evaluation includes the
assessment of the chance of geologic
discovery and, assuming discovery, the
range of potential recovery under feasible
development scenarios.

Play

A project associated with
a prospective trend of
potential prospects, but
that requires more data
acquisition and/or
evaluation to define
specific Leads or
Prospects.

Project activities are focused on acquiring
additional data and/or undertaking further
evaluation designed to define specific
Leads or Prospects for more detailed
analysis of their chance of geologic
discovery and, assuming discovery, the
range of potential recovery under
hypothetical development scenarios.
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Table 2: PRMS Reserves Status Definitions and Guidelines
Status

Definition

Guidelines

Developed
Reserves

Expected quantities to be
recovered from existing wells
and facilities.

Reserves are considered developed only
after the necessary equipment has been
installed, or when the costs to do so are
relatively minor compared to the cost of a
well. Where required facilities become
unavailable, it may be necessary to
reclassify Developed Reserves as
Undeveloped. Developed Reserves may
be further sub-classified as Producing or
Non-producing.

Developed
Producing
Reserves

Expected quantities to be
recovered from completion
intervals that are open and
producing at the effective
date of the estimate.

Improved recovery Reserves are
considered producing only after the
improved recovery project is in operation.

Developed
Non-Producing
Reserves

Shut-in and behind-pipe
Reserves.

Shut-in Reserves are expected to be
recovered from (1) completion intervals
that are open at the time of the estimate
but which have not yet started producing,
(2) wells which were shut-in for market
conditions or pipeline connections, or (3)
wells not capable of production for
mechanical reasons. Behind-pipe
Reserves are expected to be recovered
from zones in existing wells that will
require additional completion work or
future re-completion before start of
production with minor cost to access
these reserves.
In all cases, production can be initiated or
restored with relatively low expenditure
compared to the cost of drilling a new well.

Undeveloped
Reserves
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Quantities expected to be
recovered through future
significant investments.

Undeveloped Reserves are to be produced
(1) from new wells on undrilled acreage in
known accumulations, (2) from deepening
existing wells to a different (but known)
reservoir, (3) from infill wells that will
increase recovery, or (4) where a
relatively large expenditure (e.g., when
compared to the cost of drilling a new well)
is required to (a) recomplete an existing
well or (b) install production or
transportation facilities for primary or
improved recovery projects.
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Table 3: PRMS Reserves Category Definitions and Guidelines
Category

Definition

Guidelines

Proved
Reserves

Those quantities
If deterministic methods are used, the term “reasonable
of petroleum that,
certainty” is intended to express a high degree of
by analysis of
confidence that the quantities will be recovered. If
geoscience and
probabilistic methods are used, there should be at least a
engineering data,
90% probability (P90) that the quantities actually recovered
can be estimated
will equal or exceed the estimate.
with reasonable
The area of the reservoir considered as Proved includes
certainty to be
(1) the area delineated by drilling and defined by fluid
commercially
contacts, if any, and
recoverable from
a given date
(2) adjacent undrilled portions of the reservoir that can
forward from
reasonably be judged as continuous with it and
known reservoirs
commercially productive on the basis of available
and under
geoscience and engineering data.
defined economic
In the absence of data on fluid contacts, Proved quantities
conditions,
in a reservoir are limited by the LKH as seen in a well
operating
penetration unless otherwise indicated by definitive
methods, and
geoscience, engineering, or performance data. Such
government
definitive information may include pressure gradient
regulations.
analysis and seismic indicators. Seismic data alone may
not be sufficient to define fluid contacts for Proved.
Reserves in undeveloped locations may be classified as
Proved provided that:
The locations are in undrilled areas of the reservoir
that can be judged with reasonable certainty to be
commercially mature and economically productive.
B. Interpretations of available geoscience and
engineering data indicate with reasonable
certainty that the objective formation is laterally
continuous with drilled Proved locations.
For Proved Reserves, the recovery efficiency applied to
these reservoirs should be defined based on a range of
possibilities supported by analogs and sound engineering
judgment considering the characteristics of the Proved
area and the applied development program.
A.

Probable
Reserves
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Those additional
Reserves that
analysis of
geoscience and
engineering data
indicates are less
likely to be
recovered than
Proved Reserves
but more certain
to be recovered
than Possible
Reserves.

It is equally likely that actual remaining quantities
recovered will be greater than or less than the sum of the
estimated Proved plus Probable Reserves (2P). In this
context, when probabilistic methods are used, there
should be at least a 50% probability that the actual
quantities recovered will equal or exceed the 2P estimate.
Probable Reserves may be assigned to areas of a
reservoir adjacent to Proved where data control or
interpretations of available data are less certain. The
interpreted reservoir continuity may not meet the
reasonable certainty criteria.
Probable estimates also include incremental recoveries
associated with project recovery efficiencies beyond that
assumed for Proved.
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Possible
Reserves

Those additional
reserves that
analysis of
geoscience and
engineering data
indicates are less
likely to be
recoverable than
Probable
Reserves.

The total quantities ultimately recovered from the project
have a low probability to exceed the sum of Proved plus
Probable plus Possible (3P), which is equivalent to the
high-estimate scenario.
When probabilistic methods are used, there should be at
least a 10% probability (P10) that the actual quantities
recovered will equal or exceed the 3P estimate.
Possible Reserves may be assigned to areas of a reservoir
adjacent to Probable where data control and interpretations
of available data are progressively less certain. Frequently,
this may be in areas where geoscience and engineering
data are unable to clearly define the area and vertical
reservoir limits of economic production from the reservoir
by a defined, commercially mature project.
Possible estimates also include incremental quantities
associated with project recovery efficiencies beyond that
assumed for Probable.

Probable
and
Possible
Reserves

See above for
separate criteria
for Probable
Reserves and
Possible
Reserves.

The 2P and 3P estimates may be based on reasonable
alternative technical interpretations within the reservoir
and/or subject project that are clearly documented,
including comparisons to results in successful similar
projects.
In conventional accumulations, Probable and/or Possible
Reserves may be assigned where geoscience and
engineering data identify directly adjacent portions of a
reservoir within the same accumulation that may be
separated from Proved areas by minor faulting or other
geological discontinuities and have not been penetrated by
a wellbore but are interpreted to be in communication with
the known (Proved) reservoir. Probable or Possible
Reserves may be assigned to areas that are structurally
higher than the Proved area. Possible (and in some cases,
Probable) Reserves may be assigned to areas that are
structurally lower than the adjacent Proved or 2P area.
Caution should be exercised in assigning Reserves to
adjacent reservoirs isolated by major, potentially sealing
faults until this reservoir is penetrated and evaluated as
commercially mature and economically productive.
Justification for assigning Reserves in such cases should
be clearly documented. Reserves should not be assigned
to areas that are clearly separated from a known
accumulation by non-productive reservoir (i.e., absence of
reservoir, structurally low reservoir, or negative test
results); such areas may contain Prospective Resources.
In conventional accumulations, where drilling has defined a
highest known oil elevation and there exists the potential
for an associated gas cap, Proved Reserves of oil should
only be assigned in the structurally higher portions of the
reservoir if there is reasonable certainty that such portions
are initially above bubble point pressure based on
documented engineering analyses. Reservoir portions that
do not meet this certainty may be assigned as Probable
and Possible oil and/or gas based on reservoir fluid
properties and pressure gradient interpretations.
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Appendix 2: Nomenclature
1C

Low estimate of Contingent Resources, as defined in Appendix 1

2C

Best estimate of Contingent Resources, as defined in Appendix 1

3C

High estimate of Contingent Resources, as defined in Appendix 1

1P or P90 Proved
2P or P50 Proved + Probable
3P or P10 Proved + Probable +Possible
ABEX

abandonment cost

API

American Petroleum Institute

Bg

gas formation volume factor, in scf/rcf

BHA

bottom hole assembly

Bo

oil shrinkage factor or formation volume factor, in rb/stb

Bscf

thousands of millions of standard cubic feet

C&P

cased and perforated

CGR

condensate gas ratio

CO2

carbon dioxide

CoP

cessation of production

CPI

computer processed information log#

DCA

decline curve analysis

DST

drill stem test

Eg

gas expansion factor

FBHP

Flowing bottom hole pressure

FDP

field development plan

FMB

flowing material balance

FPSO

floating production storage and offloading vessel
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ft

feet

FTHP

flowing tubing head pressure

FVF

formation volume factor

FWL

free water level

GDT

gas down to

GEF

gas expansion factor

GIIP

gas initially in place

GOC

gas oil contact

GOR

gas oil ratio

GRV

gross rock volume

GSA

gas sales agreement

GWC

gas water contact

H2S

hydrogen sulphide

HIIP

hydrocarbons initially in place

HLV

Heavy Lift Vessel

HPHT

high pressure, high temperature

ICV

interval control valve

kh

permeability thickness

km

kilometres

Kr

relative permeability

LNG

liquefied natural gas

LPG

liquefied petroleum gas

LTC

long term compression

m

metre

M MM

thousands and millions respectively
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MD

measured depth

md or mD millidarcy
MDRKB

measured depth below Kelly Bushing

MDT

modular dynamic tester

MSL

mean sea level

mss

metres subsea

N2

nitrogen

NAG

non-associated gas

NBP

National Balancing Point

NPV xx

net present value at xx discount rate

NTG

net to gross ratio

NUI

normally unmanned installation

ODT

oil down to

OPEX

operating cost

OWC

oil water contact

Pb

saturation, or bubble point, pressure

Phi

porosity

Phie

effective porosity

Phit

total porosity

PI

productivity index, in stb/d/psi for oil or MMscf/d/psi or Mscf/d/psi for gas

POD

plan of development

Possible

Possible, as defined in Appendix 1

Probable

Probable, as defined in Appendix 1

Proved

Proved, as defined in Appendix 1

PSA

production sharing association
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PSDM

post stack depth migration

PSTM

post stack time migration

PVT

pressure volume temperature experiment

rb

reservoir barrels

RCA

routine core analysis

rcf

cubic feet at reservoir conditions

remainin
g

means, when stating reserves of petroleum, the total amount of petroleum that
is expected to be produced from the reference date to the end of production

RFT

repeat formation tester

Rs

solution gas oil ratio

scf

standard cubic feet: measured at 14.7 pounds per square inch and 60 degrees
Fahrenheit

SNA

sum of negative amplitudes

ss

sub-sea

stb

stock tank barrel: 42 US gallons measured at 14.7 pounds per square inch and
60 degrees Fahrenheit

STOIIP

stock tank oil initially in place

Sw

water saturation

Swc

connate water saturation

TD

total depth

THP

tubing head pressure

TVD

true vertical depth

TVDSS

true vertical depth sub-sea

TWT

two way time

WGR

water gas ratio

WOR

water oil ratio

WUT

water up to
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Appendix 3: Lead Summary Sheets
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